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BACKGROUND
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Diagram of wearable tactile sensors and relevant applications
Merits: simple fabrication process,
uncomplicated sensory configuration,
relatively simple read-out system, high
flexibility and stretchability
Several types: piezoresistive, capacitive,
piezoelectric, field effect transistor, fiber
Bragg grating(FBG), Raman shift, etc.
Mater. Sci. Eng. R-Rep，2017,115， 1-37.
Piezoresistive strain sensors: electrically
conductive materials coupled with flexible
/stretchable matrix/substrates. The change
of electrical resistance under deformation is
monitored as signal for environmental
mechanical stimuli.
BACKGROUND
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Piezoresistive sensing mechanism
Cut-off tunneling distance
Fish-Scale-Like
ACS nano, 2016, 10, 7901-7906 Nature, 2014, 516, 222-226.
Ultrasensitive mechanical crack-based sensor inspired by the spider sensory system 
BACKGROUND
 The tunneling resistance change is the main
mechanism of the CB, CNTs or Graphene, etc. filled
polymer composite.
 Stretchable strain sensors based on disconnection and
crack propagation mechanisms show higher
sensitivity.
Averaged gauge factors as a function of maximum stretchability of recently reported
resistive-type and capacitive-type strain sensors. Development of strain sensors with
high stretchability, sensitivity, and linearity is still challenging (orange colored region).
Adv. Funct. Mater. 2016, 26, 1678–1698
A trade-off relationship between “high sensitivity” and “high
stretchability” is shown in the majority of the strain sensors
Development of strain sensors with both high stretchability (ε ≥
100%) and high sensitivity (GF ≥ 50) is still a grand challenge.
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RESEARCH PURPOSE
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Thermoplastic elastomer, Cost-effective conductive filler
Easy fabrication technique: extrusion
Immisible polymer blend: Double percolated structure
Deeper understanding of nanofiller localization in blend 
morphologies during melt mixing in conventional extruders 
Fabrication
Mixing
Embedding
Structural design Low-cost
Manufacturing scalability 
and extensibility
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stretchability
Proper materials selection
Performance
Sensitivity
Conductive network morphology
Interaction
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Material 
preparation 
(Extrusion)
Annealing 
or not
Test & 
Characterization
OBC-CB
TPU-CB
OBC-TPU/CB
OBC-CB/TPUTPU-CB/OBC
Sequence 1
Sequence 2 Sequence 3
Note: The OBC/TPU mass ratio of 50/50
was kept constant in all ternary composites
and the concentration of CB was varied
between 7 and 14,28 wt.%, the only
difference is the mixing sequence
OBC: Ethylene – octene block copolymer
TPU: Thermoplastic Polyurethane
CB: Carbon black
THERMODYNAMIC PREDICTION
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a Mater Chem Phys, 2014, 143, 830-837.
CB tends to distribute at the interface or 
TPU phase
TPU-CB: higher affinity
EXPERIMENTAL 
RESULTS
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STATIC SENSING TEST
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Figure 1. Piezoresistive sensing behavior comparison: resistance change ratio versus strain of (a) OBC-CB and (b) TPU-CB with different CB content, and (c)OBC50/TPU50-CB-14,28
and OBC-CB50/TPU50-14,28, and (d) resistivity versus strain relationship for some composites. And the inserts in (a-c) are magnification of (a-c) within the strain range of 0-20%.
STATIC SENSING TEST
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Figure 2. (a) resistance change ratio versus strain and (b) resistivity versus strain of ternary composites with 10 wt.% CB via different mixing sequence. and (c) resistance change
ratio versus strain relationship for some composites. (d) magnification of (c) within the strain range of 0-20%.
DYNAMIC SENSING TEST
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Figure 3. Dynamic resistance change ratio versus time relationship for some composites (a) 40 cycles between the strain range of 0-2%, (b) 60th-100th cycles of (a). (c, d) 40 cycles
between the strain range of 20-40%,
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Figure 4. Optical micrographs of (a, c) OBC50/TPU50-CB-7, and (b, d) OBC50/TPU50-CB-
10 before and after annealing.
Figure 5. Optical micrographs of (a, c) OBC-CB50/TPU50-7, and (b, d) OBC-CB50/TPU50-
10 before and after annealing.
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Figure 6. SEM images of the CB dispersion
morphologies of (a)TPU-CB-15 (b) OBC-CB-15
Figure 7. SEM images of the CB dispersion and distribution morphologies of (a-c) OBC50/TPU50-CB-10 (a) before and (b, c) after annealing, (c)
magnification of (b), and (d-f) OBC-CB50/TPU50-10 (d) before and (e, f) after annealing, (f) magnification of (e).
MODELLING AND MECHANISM
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According to the modela derived from tunneling theory by Simmonsb
a J. Polym. Sci., Part B: Polym. Phys., 2000, 38, 2739–2749
b J. Appl. Phys., 1963, 34, 1828–1830
(1)
(2)
(3)
(4)
(5)
The change of conductive pathways: y= Mx+Wx2+Ux3+Vx4
The change of tunneling distance: y=Cx
MODELLING AND MECHANISM
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Figure 8. The change of (a) conductive pathway and (b) tunneling distance as a function of strain for some composites
Fast increase 
of tunneling 
resistance 
Secondary agglomeration Secondary agglomeration 
Migration
Figure 9. The sketch of the network morphology
More disordered and 
less densely packed 
conductive network 
SHORT SUMMARY
15
Figure 10. Definition of the three regimes in the ΔR/R0 –
strain relationship of  thermoplastic elastomer/CB 
binary composites
Figure 11. Comparison of the gauge factor and maximum sensing
range of strain sensor with some counterparts reported in the
literatures.
̶ Strain sensors with different sensing performance are
achieved
̶ Binary CPCs, similar three regimes of the ΔR/R0 -strain
̶ Ternary CPCs, lower percolation threshold, monotonic
variation relationship and higher sensitivity
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